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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a reliable 
rear-surface sealing method of a thin-film solar cell. 
SOLUTION: A laminated body is provided in which a 
junction resin sheet 4 and a sealing glass plate 5 are 
sequentially stacked on the rear surface of the thin- 
film solar cell which is formed on a glass substrate 1. 
The laminated body is placed on a hot plate 14 of a 
vacuum laminator 100 to vacuum-evacuate the 
laminator. And then the sealing glass plate 5 is 
pressurized at 0.02-0.08 MPa using a diaphragm 12b 
in the laminator 100 after the junction resin sheet 4 is 
melted. The laminated body is moved from the 
laminator 100 to a curing oven before the gel ratio of 
the molten junction resin 4 reaches 50%, where the 
junction resin 4 is entirely cured. 
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* NOTICES * 

JPO and NCZPl are not responsible for any 
damages caused by the use o£ this translation. 

1 -This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The layered product which piled up the junction resin sheet and the closure glass plate in 
order is prepared on the rear face of the thin film solar cell formed on the glass substrate. Carry said 
layered product on the hot platen of a vacuum laminator, and carry out evacuation of the laminator 
and it is set after melting of said junction resin sheet. Before it presses said closure glass plate by the 
pressure of 0.02-0.08MPa within the limits and the rate of gelation of said fused jimction resin 
reaches to 50% with the diaphram in said laminator, said layered product is moved fi-om said 
laminator to curing oven. Then, the rear- face closure approach of the thin film solar cell 
characterized by stiffening said jimction resin completely. 

[Claim 2] The time amount die length which presses said closure glass plate with said diaphram is 
the rear-face closure approach of the thin film solar cell according to claim 1 characterized by being 
within the limits of 3 - 5 nrinutes. 

[Claim 3] Said vacuimi laminator is the rear-face closure approach of the thin film solar cell 
according to claim 1 or 2 characterized by carrying out reserve evacuation only of the time amount 
within the limits for 4-12 minutes before pressing said closure glass plate witii said diaphram. 
[Claim 4] Said junction resin sheet is the rear-face closure approach of a thin film solar cell given in 
one term of claims 1-3 characterized by being an EVA sheet containing a curing agent. 
[Claim 5] Said hot platen is the rear-face closure approach of the thin film solar cell according to 
claim 4 characterized by being in the temperature within the limits of 160-180 degrees C. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] Especially this invention relates to the rear-face closure approach of a thin 

film solar cell about a semi-conductor thin film solar cell. 

[0002] 

[Description of the Prior Art] Drawing 3 is the typical sectional view showing an example of the thin 
film solar cell by which the rear- face closure was carried out by the conventional approach. In 
addition, in each drawing of this application, thickness, die length, width of face, etc. are suitably 
changed for clear-izing of a drawing, and simplification, and do not express dressed-size relation. 
[0003] Generally in a thin film solar cell, the photo-electric-conversion unit layer 2 is formed on the 
transparent glass substrate 1 with a thickness of about 4mm as shown in drawing 3 . Generally the 
photo-electric-conversion imit layer 2 has the very thin thickness of about several micrometers, and 
contains the fi-ont electrode layer, semi-conductor photo-electric-conversion layer, and rear-face 
metal-electrode layer of the transparent conductive oxide by which the laminating was carried out to 
order on the substrate 1. The periphery section of the photo-electric-conversion imit layer 2 is 
retreated about 5mm firom the periphery of a glass substrate 1, in order to protect the end face. On 
the both ends of the photo-electric-conversion unit layer 2, the output current fetch electrode 3 which 
consists of copper foil with a thickness of about 200 micrometers etc. is arranged. The photo- 
electric-conversion unit layer 2 and the current fetch electrode 3 are protected by the closure 
safeguard containing protection film 5a joined to junction resin 4 by it. The rear- face side of a thin 
film solar cell is the thing of the for physical or for preventing that the photoelectric transfer 
characteristic deteriorates by being chemical influenced firom the external world, and this closure 
safeguard may be given using a vacuimi heating application device. 

[0004] In drawing 1 , the vacuimi laminator as an example of a vacuum heating application device is 
shown by the typical sectional view. This vacuum laminator 100 contains the bottom container 1 1 
and the top container 12, and these [ its ] are mutually removable through a hermetic seal 13. While 
including the pumping ports 11a and 12a, respectively, as for the bottom container 1 1 and the top 
container 12, the top container 12 also contains diaplu-am section 12b made of synthetic rubber. 
[0005] The installation base 14 having a heater is formed in the bottom container 11, and this acts as 
a hot plate. A substrate 1 is arranged on the installation base 14 beforehand heated by predetermined 
temperature. On the substrate 1, the photo-electric-conversion unit layer 2 and the current fetch 
electrode 3 are aheady formed, and the layer 5 (in the case of drawing 3 , it is protection fibn 5a) of 
the junction resin sheet (a curing agent is included) 4 and a protective material has piled up on it. In 
this condition, the bottom container 1 1 and the top container 12 are combined through a hermetic 
seal 13, and flie interior of both [ these ] containers is exhausted with a rotary pump (not shown) 
through the pumping ports 11a and 12a. 

[0006] The junction resin sheet 4 is heated by the installation base 14 by which the temperature up 
was beforehand carried out to predetermined temperature at the built-in heater, and the sheet 4 is 
softened and fiised with it. At this time, atmospheric pressure is introduced in the top container 12 
through pumping port 12a, and it is made to press diaphram 12b on the protective material layer 5. 
As for hardening of the junction resin layer 4 fiised in this condition, it is possible for you to also 
make it carry out completely within the vacuum laminator 100. however, the vacuum laminator 100 - 
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- expensive ~ and coincidence — many — since the thin fihn solar cell of several sheets cannot be 
processed, it is common that a thin film solar cell is picked out from the vacuum laminator 100 in 
un-hardening or the phase hardened partially, and the junction resin layer 4 is performed when 
perfect hardening of the junction resin layer 4 processes the thin film solar cell of two or more sheets 
to coincidence with special curing oven. 

[0007] In addition, the reason a vacuum laminator is used for formation of a closure safeguard is for 
preventing that air bubbles mix in the boimdary and the interior of the closure resin layer 4 stiffened 
after carrying out melting. 
[0008] 

[Problem(s) to be Solved by the Invention] In the thin fihn solar cell by the conventional closure 
method as shown in dravsdng 3 , the complex film which generally sandwiched aluminum foil by the 
PVF (Pori vinyl fluoride) film is used as protection film 5a. Here, aluminimi foil is sandwiched for 
preventing transparency of moisture eflfectively. However, since the PVF film which sandwiches this 
aluminum foil is thin, the leakage current which a pinhole and a blemish occur and minds aluminum 
foil in the rear face of a solar battery by the case may be produced. Moreover, if such leakage current 
flows under existence of moisture, the corrosion of aluminum foil may advance. 
[0009] This invention aims at offering the rear- face closure approach of a more reliable thin film 
solar cell in view of the technical problem in such a conventional technique. 
[0010] 

[Means for Solving the Problem] By the rear-face closure approach of the thin film solar cell by this 
invention The layered product which piled up the junction resin sheet and the closiu-e glass plate in 
order is prepared on the rear face of the thin film solar cell formed on the glass substrate. Carry the 
layered product on the hot platen of a vacuxrai laminator, and carry out evacuation of the laminator 
and it is set after melting of a junction resin sheet. It is characterized by moving a layered product 
from a laminator to curing oven, before the rate of gelation of the junction resin which pressed the 
closure glass plate by the pressure of 0.02-0.08MPa within the limits, and was fiised reaches to 50% 
with the diaphram in a laminator, and stiffening junction resin completely there. 
[001 1] As for the time amount die length which presses a closure glass plate with diaphram, it is 
desirable that it is within the limits of 3 - 5 minutes. 

[0012] Before a vacuum laminator presses a closure glass plate with diaphram, it is desirable that 
reserve evacuation only of the time amount within the limits for 4 - 12 minutes is carried out. 
[0013] As a junction resin sheet, the EVA sheet containing a curing agent may be used preferably. 
When an EVA sheet is used, it is desirable that it is in within the lin:uts whose temperature of the hot 
platen for carrying out melting of it is 160-180 degrees C. 
[0014] 

[Embodiment of the Invention] In view of the above-mentioned problem in the conventional 
approach of closing the rear face of a thin film solar cell using complex film 5a which sandwiched 
aluminum foil by the PVF film, this invention person examined the closure approach of using a 
cover glass plate with a thickness of about 3-4mm instead of the compoxmd protection film 5a. The 
glass plate is far strong compared with compoimd protection film 5a, and it is because it has the 
stopping-power force which was excellent also to transparency of moisture. 
[0015] Drawing 2 shows an example of the thin film solar cell by which the rear-face closure was 
carried out by the approach of this invention with the typical sectional view. Also in the thin film 
solar cell of drawing 2 , it is similar to drawing 3 and the photo-electric-conversion unit layer 2 is 
formed on a glass substrate 1 . The output current fetch electrode 3 is arranged on the both ends of the 
photo-electric-conversion unit layer 2. And these photo-electric-conversion unit layers 2 and the 
current fetch electrode 3 are protected by the closure safeguard containing cover glass plate 5b 
joined to junction resin 4 by it. 

[0016] By the way, when cover glass plate 5b was used instead of protection film 5a for the rear-face 
closure of a thin film solar cell, it became clear that another problem arose. This is a problem 
produced from cover glass plate 5b having rigidity and elasticity unlike protection film 5a. 
[0017] that is In the case of the thin film solar cell of drawing 3 After pressing the layer (in however, 
the case of the thin film solar cell of drawing 2 cover glass plate 5b) of the junction resin sheet 4 and 
a protective material by diaphram 12b in the vacuum laminator 100 of drawing 1 in piles on the glass 
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substrate 1 with which the photo-electric-conversion unit layer 2 and the cxirrent fetch electrode 3 
were formed similarly, a substrate 1 Since the cover glass plate 5b also has elasticity with rigidity 
when it takes out Since jimction resin 4 is not partially stiffened after air bubbles tend to remain in 
junction closure resin [ near heights like the current fetch electrode 3 ] and the press by diaphram 
12b is released When tiie bending at the time of the press in cover glass plate 5b returns, a clearance 
may occur to jxmction resin 4 aroimd a substrate 1 . Such a clearance makes the dependabiUty of 
protection of the periphery section of the photo-electric-conversion unit layer 2 fall greatly. 
[0018] It is also possible to carry out long duration maintenance so that junction resin 4 may be 
stiffened completely, pressed by diaphram 12b within the vacuum laminator 100, without using the 
above special curing oven here, in order to make a clearance hard to produce to jimction resin 4 in 
the perimeter of cover glass plate 5b. However, then the productive efficiency of a thin film solar 
cell gets very bad, and many expensive vacuum laminators must be furnished. 
[0019] When this invention person inquires, the rate of gelation of jimction resin 4 more preferably 
at less than 50% then, under less than 30% of condition When only the time amount within the limits 
for 3 to 5 minutes pressed cover glass plate 5b in the pressure range of 0.02-0.08MPa lower than 
atmospheric pressure by diaphram 12b of the vacuum laminator 100, it foxmd out that a clearance 
was hardly generated to junction resin 4 in the perimeter of cover glass plate 5b. In addition, as for 
the pressure range of that press, it is more desirable that it is in 0.02-0.06MPa in this case. 
[0020] In addition, the rate of gelation or gel molar fraction of jimction resin 4 can be measured as 
follows. For example, when EVA (ethylene-vinyl acetate copolymer) which contains a curing agent 
as junction resin is used, the sample which is about Ig first is cut off and weighed precisely. This 
sample is immersed at 100 degrees C into 100ml toluene for 2 hours. Then, a part for un-dissolving 
is carried out a ** exception at the wire gauze of 200 meshes, and it is left in a 100-degree C ambient 
atmosphere for 4 hours or more, and it is made to dry imtil a toluene smell is lost. In this way, 
weighing capacity of the part for xm-dissolving [ which remained ] is carried out, and a gel molar 
fraction may be computed by the degree type. 

[0021] Gel molar fraction = (non-dissolved part weight / preparation weight) press ** of xlOO% 
diaphram 12b can be adjusted by the pressiu-e regulating valve (not shown) connected with pumping 
port 12a of the top container 12. It is because the thing with desirable the press time of diaphram 12b 
being within the limits of 3 - 5 minutes has press time inadequate for driving out air bubbles out of 
fused junction resin 4 in less than 3 minutes, and is because flie effectiveness of driving out air 
bubbles is saturated and it is not desirable from a viewpoint of productive efficiency, even if it 
exceeds 5 minutes conversely. Moreover, it is because there is little processing time and it ends that 
the thing with the desirable one where the rate of gelation of junction resin 4 is smaller tends to drive 
out air bubbles. 

[0022] On the other hand, if the press pressure of diaphram 12b is made, into a value smaller than one 
atmospheric pressiu*e, a possibility that air bubbles may become easy to remain is in fused junction 
resin 4 [ near the heights like the current fetch electrode 3 ]. However, this problem can be prevented 
by lengtiiening comparatively time amount of the reserve evacuation of the vacuum laminator 100, 
before pressing by diaphram 12b. That is, by carrying out reserve evacuation within the limits of 4 - 
12 minutes, the gas constituents between the photo-electric-conversion unit layer 2 and the jimction 
resin sheet 4 and between the junction resin sheet 4 and cover glass plate 5b and most adsorption gas 
molecules can be removed, and possibility that air bubbles will remain a boundary and inside fused 
jimction resin 4 can be reduced. In addition, since it also becomes requiring the long processing time 
while the rate of gelation of junction resin 4 will progress before the press of diaphram 12b, if 
reserve evacuation time amount becomes inadequate [ removal of gas constituents or an adsorption 
gas molecule ] in less than 4 minutes and exceeds 12 nndnutes conversely preferably, it is not 
desirable. 

[0023] In the following, some the examples and the examples of a comparison of the rear-face 
closure approach of a thin film solar cell by above this inventions are explained, referring to drawing 
1 and drawing 2 . 

[0024] Also in any of these examples and examples of a comparison, the photo-electric-conversion 
unit layer 2 with a thickness of several micrometers was formed on the glass substrate 1 with a 
thickness of 4mm, and the output current fetch electrode 3 which consists of copper foil with a 
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thickness of 200 micrometers on the both ends has been arranged as shown in drawing 2 . The EVA 
sheet containing a curing agent was xxsed as a junction resin sheet 4. And unlike the conventional 
protection fihn 5a, with a thickness of 3mm cover glass plate 5b was used as a layer 5 of the 
protective material shown in drawing 1 . In the rear-face closure of such a thin film solar cell, the 
effect some parameters about the vacuum laminator 100 affect the quality of the closxire was 
investigated. The result is shown in Table 1. However, the temperature of the installation base 14 
was set as 175 degrees C. Moreover, the press time by di^hram 12b was 3 minutes. 
0025] 
[Table 1] 
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[0026] In the example 1 of a comparison, the press pressure by diaphram 12b was large, although 
there were few residual air bubbles injunction resin 4 even if the reserve evacuation time amount 
before a press was 3 short minutes since it was O.lMPa(s), bending and its elastic retum of cover 
glass plate 5b were large, and the big clearance occurred in the periphery section of junction resin 4 
so that clearly fi*om Table 1 . On the contrary, although the clearance in the periphery section of 
junction resin 4 became small according to a press pressure being small in tiie example 2 of a 
comparison, and bending and its elastic retum of cover glass plate 5b being small since it was 
0.05MPa(s), since the reserve evacuation time amount before a press was 3 short minutes, the 
residual air bubbles in junction resin 4 increased in number. 

[0027] On the other hand, since the press pressure of diaphram 12b was as small as 0.05MPa(s) in 
examples 1-3, bending and its elastic retum of cover glass plate 5b were small, and the clearance in 
the periphery section of jimction resin 4 was small. Moreover, since the time amount of the reserve 
evacuation before the press by diaphram 12b was also 5 minutes 4 minutes or more in the example 1, 
there were also few residual air bubbles in jimction resin 4. Since sufficient reserve evacuation time 
amount for 7 minutes and 9 minutes was especially established in the examples 2 and 3, respectively, 
the residual air bubbles injunction resin 4 fiiUy decreased. 

[0028] In addition, although the temperature of the installation base 14 was set as 175 degrees C in 
the above example, the temperature may be preferably set up within the limits of 160-180 degrees C. 
If this laying temperature is high, while jimction resin 4 will fiise quickly, gelation also advances 
quickly, and if conversely low, melting of junction resin 4 and gelation are delayable. 
[0029] Moreover, although the example using the EVA sheet as a junction resin sheet was explained 
in the above example, other suitable junction resin sheets can be used like the PVB (polyvinyl 
butyral) sheet which contains a curing agent, for example. 
[0030] 

[Effect of the Invention] As mentioned above, according to this invention, compared with the 
former, the rear-face closure approach of a reliable thin film solar cell can be offered. 



[Translation done.] 



http://www4.ipdLncipi.go.jp/cgi-bin/tran_web_cgi_ejje 



10/3/2005 



JP,2002.151710^ [DRAWINGS] 



Page 1 of 1 



* NOTICES * 

JPO and NCI PI are not responsible for amy 
damages caused by the use of th±s translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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[Drawing 1] 
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[Drawing 2] 
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[Drawing 3] 
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y>^&t$ l.C^<Oi*. :7-uxB*(^3^^t:'lt^@!ll^^Si 
50 fil44n^^^^SU^€i6C3a3T<c(i:7^+^>:^cy)'>^r^0. i£ 
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[0 02 2] fill*, ^^i^VvJ^l2b<K>'7U:^&j^ 

x^^^^<thctic^'7X. itm^^^-^vm 



^2002-1 5 17 10 

[0 02 3] WTtCfet-^. ±i^<D<fc^nr^^ecJ:^ 
««:ot*t:, @l i@2€^Mt'':>-:>IS^r^>. 

[0 02 4] cn^Q^iyspHiH^^^r-fnfcM-r 

6. l92cc^$no«&<^^(c, ^$4mmC[>^7:i^^ 
eiiiCJf^l^fxmO^mg^m^^^ hS23?)«3J6£$ 

X. ft^^ ^.t-^r 1 0 0«:S39r^V»<'':»!»<0''<^>--- 

1 7 5X;e§^5nrc-fc. Ufc, y'^-1r7^Ai2b 
[0025] 

[^1] 

















O.IBtPa 




















0.05BPa 










0 ow» 








1 


dOfiflPb 







XktifA^-pyuiz v>v:.^,i,zfw7.^ififi^<x 
0. lMPa*C*-7fc«>-C. ■:/^AgirflC-5^ii.:&^«f5ie# 
m'^^a\.> 3 ^*C*-7 r <>. g5'&mfil4 4HD?^gSv?glii> 

Tc^r < i:^^i^8S4€i>Jiscj^fei-'C:Acantistr4iO^^ 
o^-c. fitc, itee<2«:4d<r»rit7u:^E>355i^'j*3<r 
0, 0 5MPaX'*>-7fc<K>X'ei5^'^:^tS5 bCC'^i^^i 

s;^fa^^«st.- 3 f^x'»i-7tc<ox¥k^mnAP^omm^m. 

[00271 **, ^ASPIll-3tCi>i»rii5J'^i'7^ 

f. 1^:^*^:^lg5 b<^>^^^i-e<^>5¥l*MO>5«'J^S< 
fc. jr-^-V-^^Ai 2 b<c.i:^>7 i^:^giia>^<iS^gfS^ 

«[>^iat).^tei?a 1 r'i*4^>tUi055>-c*>ofcc5'C»& 

[i}iB44JC^>^SSv?&^d^^C*^-7fc, .:^i5g2<t3 

vfhtxtc(i>x. tt^i«W4«|3flr>^esi?aii+f^i*''^f< 



[0026] tiLhcC'|^fe0<r*i*$sS'& 1 4 or.^ag 

nii^S^^Sf Bi Aifi^< asrr ^> i i 4> 4C i^.-Kb 4ii < 
MtrU. 3S!tCife<ini*^^m4(?>^ggftii^.'Ufb^S^ 

[ 0 0 2 9 ] * 3rc, fci±®|^te««:4tfc»r»'^^8Bi>'- 

40 [0030] 

[ai^crySftm) UJiCE>J:^»<c, ^^ecirnii:. et^fetc 

50 ^>«^nfe&&@t:'^{>. 
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11a ^SU}<-h, 12 ±fflSli. 12a ©ST 
14 $3iS^. 100 S^ar^4-^o 



[@2] 




[@3] 




) 3 3 
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